Background: Hair follicles is an appendage from the vertebrate skin epithelium, and arise from the embryonic ectoderm andregenerate cyclically during adult life. Dermal papilla cells (DPCs) is the key dermal component of the hair follicle that directly regulates hair follicle development, growth and regeneration. Recent studies have reported that miRNA plays an important role in regulating hair follicle morphogenesis, proliferation, differentiation and apoptosis of hair follicle stem cells. Results: The miRNAs expression profile of the DPCs from different hair density Rex rabbits shown that 240 differentially expressed of miRNAs were screened (log 2 (HD/LD) >1.00 and Q-value≤0.001). Among them, the expression of ocu-miR-205-5p in low hair densities DPCs was higher than that in high hair densities, and it is highly expressed in the skin tissue of Rex rabbits ( P <0.05). ocu-miR-205 could increase cell proliferation and cell apoptosis ratio, change cell cycle process ( P <0.05), affect the genes expression of PI3K/Akt, Wnt, Notch and BMP signaling pathways in DPCs and skin tissue of Rex rabbits, inhibit the protein phosphorylation level of CTNNB1, GSK-3β and the protein expression level of noggin (NOG), promote Akt phosphorylation level ( P <0.05). There was no significant change in primary follicle density ( P >0.05), but the secondary follicle density and total follicle density ( P <0.05) were changed after ocu-miR-205-5p interfered expression, and secondary/primary ratio (S/P) in ocu-miR-205-5p interfered expression group increased at 14 days after injection ( P <0.05). Conclusion: ocu-miR-205 could promote the apoptosis of DPCs, affect PI3K/Akt, Wnt, Notch and BMP signaling pathways genes and proteins expression in DPCs and skin of Rex rabbits, promote the transformation of hair follicles from growth phase to regression and resting 4 phase, and affect hair density of Rex rabbits.
and BMP4 genes inhibit hair follicle development and are associated with maintaining hair follicle rest [8] . Noggin (NOG) acts as an inhibitor of BMP signaling pathway, and its abnormal expression leads to follicular enlargement [7] . Notch signaling pathway interacts with BMP signaling pathway, and BMP signaling pathway can inhibit Wnt signaling pathway by regulating β-catenin [6] . Dermal papilla (DP) comprises of a group of specialized mesenchymal cells that are embedded in the hair bulb at the base of the follicle, is considered the control center of hair follicle growth and hair cycle. Dermal papilla cells (DPCs) govern hair follicle development and growth, and instruct the surrounding matrix cells to proliferate, move upward and differentiate into the outgrowing hair shaft and the channel called inner root sheath [11] . Moreover, the number of DPCs also specifies hair size, shape and cycling [12] . Signal exchange between dermal papilla cells and hair follicle stem cells at telophase is the key to initiating the next hair follicle cycle [13] .
MicroRNAs (miRNAs) are the small (~22 nucleotides long), non-coding RNAs that have been proposed to play important roles in diverse biological processes [14] , such as organ development, cell proliferation, tumorigenesis, fat metabolism, behavior and embryogenesis [15] [16] [17] [18] [19] . Recent studies have reported that miRNA plays an important role in regulating hair follicle morphogenesis, proliferation, differentiation and apoptosis of hair follicle stem cells in mice, rat, goat and sheep [20] [21] [22] . miR-214 inhibits hair follicle growth and development by regulating regulatory factors such as β-catenin and lymphoid enhancer-binding factor 1 (Lef-1)
in Wnt signaling pathway [23] . After overexpression of DKK1 in transgenic mice, the expression of miR-200b and miR-196a in epidermis decreased significantly, possibly through potential target genes acting on Wnt signals [24] . miR-let-7b promotes alpaca hair growth by inhibiting the transcription of transforming growth factor β receptor 1 (TGFβR1) [25] . BMP4 negatively regulated the expression of miR-21, and also confirmed that miR-21 negatively regulated the expression of BMP-dependent tumor suppressor genes Pten, Pdcd4, Timp3 and Tpm1 [26] . miR-31 can regulate hair follicle development and hair growth in mice through BMP and Wnt signaling pathways [20] . miR-205 is a highly conserved microRNA and shares a similar expression pattern with miR-200 family [27] , is one of the most abundant skin miRNAs expressed in epidermis [28, 29] , it has an essential role in promoting neonatal expansion of skin stem cells during early development by modulating the PI3K pathway [30] .
In order to improving the fur quality of Rex rabbits, we isolated the DPCs from Rex rabbits skin, and analyzed the miRNAs expression profile of the DPCs from different hair density Rex rabbits. Among them, ocu-miR-205 is one of the most highly expressed miRNAs in skin. We demonstrate the function of ocu-miR-205 in hair follicle dopmevelent.
Methods

Animals
The Rex rabbits in this study were purchase from Taishan Rabbit Farm (Shandong, China). Selected animals were electrically stunned (120 V, pulsed direct current, 50
Hz for 5 sec) and killed by carotid artery bloodletting and slaughtering before skin harvesting in experimental rabbits.
Isolation and culture of DPCs from Rex rabbits
Small skin pieces from 30-day-old Rex rabbits were rinsed with sterile phosphate buffer saline (PBS; Solarbio, China) containing 100 U/mL penicillin and 0.1 mg/mL streptomycin, disinfected with iodine and destained with 75% ethanol, then cut into 7 20 mm*50 mm strips before digesting with 0.25 mg/ml Dispase II (Sigma, Cat. D4693, USA) overnight at 4 °C and with an additional 30 min incubation at 37 °C on the following day. The tissues were then minced with ophthalmological scissors and digested with 0.1 mg/ ml Collagenase D (Sigma, Cat. C2674, USA) for 6 h at 37 °C when dissociation of DPs from liquid fats was observed by microscopy (Nikon Ts2FL, Japan) [52] . Subsequently, DPs were purified by a series of washing with PBS till the supernatant was completely clear, and filtered with a 75 mM filter to remove single cells. Following purification, DPs were trypsinized to obtain single cells which were then cultured in dulbecco's modified eagle medium (DMEM; Gibco, USA) containing 10% fetal bovine serum (FBS; Gibco, USA) at 37°C in a humidified atmosphere of 95% air and 5% CO2.
Construction of the small RNA libraries, sequencing analysis, miRNAs identification and prediction of new miRNAs in DPCs
Small RNA fragments measuring 18-30 nt were isolated and puri-fied from the total RNA using 15% denaturing polyacrylamide gel electrophoresis (PAGE).
Subsequently, 3′ and 5′ RNA adaptors were ligated to the RNA pool using T4 RNA ligase, and the samples were used as templates for cDNA synthesis. The cDNAs were amplified using the appropriate number of PCR cycles needed to produce the sequencing libraries, which were subsequently subjected to the proprietary Solexa sequencing by synthesis method using the BGISEQ-500 platform at Shenzhen Huada Biotech Co., Ltd. [53, 54] (Shenzhen, China).
The raw reads produced by the BGISEQ-500 sequencing were filtered to remove low quality reads, and those that passed the quality filter were trimmed to remove the 5′ and 3′ adaptor sequences. Similarly, the reads with a poly (A) sequences were removed. The length distribution of the clean reads was calculated. The remaining reads were analyzed by BLAST against Bowtie-1.0.0 software, Rfam [55] and Repbase to discard messenger RNA (mRNA), ribosomal RNA (rRNA), transfer RNA (tRNA), small nuclear ribonucleic acid (snRNA), small nucleolar RNA (snoRNA) and repeat sequences. The remaining sequences were used for miRNA identification in comparison with the mature miRNAs and pre-miRNAs from Oryctolagus cuniculus listed in miRBase 21.0 [56] , with permission of one mismatch. Later on, the miRDeep 2 software [57] was used to predict the novel miRNAs by exploring the secondary structure, Dicer cleavage site and minimum free energy of the unannotated small RNA tags that could be mapped to the Oryctolagus cuniculus genome. The remaining sequences after conserved miRNAs identification were aligned to the Oryctolagus cuniculus genome in order to identify new Oryctolagus cuniculus miRNAs. Certain target sequences around the small RNA were used to explore the secondary structure and folding energy (218 kcal/mol).
Transcript per million (TPM) was used to standardize the expression level of small RNA [58] , which could avoid the impact of different sequencing quantities on quantitative accuracy. Based on the assumption that RNA sequencing is a random process, each sequence is uniformly random from its own sample [59] , it can be assumed that the expression of each transcript follows a binomial distribution.
Using the above model, DEGseq calculated differential expression based on MA-plot [60, 61] . Assuming that C1 and C2 are the total Reads on the comparison of two samples, they obey binomial distribution. Define Textit {M}= log 2 C1 -log 2 C2, A= (log 2 C1 + log 2 C2) /2. It can be proved that under the condition of random sampling, the distribution of M obeys A=a and approximates normal distribution.
The P-value of each miRNA was corrected by multiple hypothesis tests using Qvalue. The difference of coincidence was more than twice and the value of Q-value was less than or equal to 0.001, so it was considered that there was significant difference in the expression of miRNAs.
To better explore the potential function of the miRNAs having significantly different expression between the different hair density Rex rabbit, the miRNAs were aligned to the EST unigenes of Oryctolagus cuniculus to predict the target genes by miRanda algorithm [62] . Enrichment analysis of the predicted target genes was conducted with GO and KEGG pathway [63] . 
Proliferation, cell cycle and apoptosis determination of DPCs
DPCs were plated in a 96-well plate at a density of 10 4 count/well and cultured in basal medium for 24 h, and then followed by the indicated treatment. Thiazolyl blue tetrazolium bromide (MTT, Solarbio) was added to each pore at 20 μL 5 g/L for 4 hours, and dimethyl sulfoxide (DMSO, Solarbio, China) was added to each pore at 37°C
. Optical density (OD) value was read at 490 nm by enzyme labeling instrument (BioTek Elx-808, USA) after 10 minutes of oscillation. Within a certain cell number range, the amount of MTT crystallization is proportional to the number of cells.
According to the measured OD value, we can judge the number of living cells. The larger the OD value, the stronger the cell proliferation activity. For flow cytometry analysis, the DPCs were treatment followed by the indicated treatmented. The cells were digestion by trypsin and fixed in 70% cold ethanol for at least 18 h, centrifuged at 500 g for 5 min, dropped the supernate and added 0.5 mL propidium iodide (PI; BD Biosciences, Cat: 550825) for incubating 15 min at 37 °C in dark. The 
Results
DPCs show miRNA expression complexity
To evaluate the varieties of miRNAs in DPCs from lower and higher denisty hair follicle of the 30-day old Rex rabbits (Additional file 1), RNA samples with high integrity and qualified quality (Additional file 2), high throughput small RNA sequencing was carried out using BGISEQ-500 platform on small RNA libraries. We %, respectively (Additional file 6). The base Q20 of filtered data was more than 90% and Q30 was more than 80%, the quality of the data was reliable. Additional file 7
and Additional file 8 was the quantity and quality distribution maps of the base of each sample, respectively.
Through differentially expressed genes screen (DEGs), 240 differentially expressed of miRNAs were screened (log 2 (HD/LD) >1.00 and Q-value≤0.001; Fig. 1a ; Additional file 9), including 122 miRNAs for up regulate and 118 miRNAs for down regulate (Fig. 1b) . The annotation of the targeted gene of differentially expressed miRNAs was performed using Gene Ontology (GO) enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis. A total of 205,661 target genes were enriched into GO terms (Fig. 1c) , specific GO terms of the target genes were mainly involved in biological process (BP), cellular component (CC) and molecular function (MF). Directed Acyclic Graph (DAG) of GO enrichment of BP, CC and MF was shown in Additional file 10. Following GO analysis, the target genes were also uploaded into the KEGG database to identify the pathway that were actively regulated by miRNAs in dermal papilla cells. The results shown that a total of 325 pathways were predicted. Top enrichment pathways was Wnt signaling pathway, Notch signaling pathway, et al. (Fig. 1d ).
The expression of ocu-miR-205
Among them, the structure of ocu-miR-205 was shown in Fig. 2a , ocu-miR-205 in DPCs of Rex rabbits with different densities was different (log 2 (HD/LD) >1.00 and Q-value≤0.001; Fig. 2b ), and was low expressed in DPCs of Rex rabbits with high hair density (HD) and high expressed in DPCs of Rex rabbits with low hair density (LD). Quantitative fluorescence PCR results also confirmed the accuracy of ocu-miR-205-5p sequencing results (Fig. 2c) . Further, the expression of ocu-miR-205-5p in different tissues of Rex rabbits was different (P<0.05), the expression in skin tissue was higher than that in stomach, intestine, spleen, liver, heart, lung, kidney, muscle and fat (P<0.05; Fig. 2d ), has tissue specificity. (Fig. 3a) , and the expression of ocu-miR-205-5p increased significantly after overexpression, while the expression of ocu-miR-205-5p decreased significantly after interference (P<0.05; Fig. 3b ). ocu-miR-205 could increase cell proliferation and cell apoptosis ratio, change cell cycle process (P<0.05; Table 1 ). ocu-miR-205 could inhibit the gene expression of Inppl1, Frk and Phlda3 in PI3K/Akt signaling pathway (P<0.05). ocu-miR-205 could promote DKK1 and inhibit Wnt10b, CTNNB1 and GSK-3β gene expression in Wnt signaling pathway (P<0.05). Notch1, Jagged1, Hes1 and Hes5 expression in Notch signaling pathway were suppressed by ocu-miR-205 (P<0.05), and BMP2, BMP4 and TGF-β1 expression in BMP signaling pathway were promoted (P<0.05; Table 2 ). ocu-miR-205 could inhibit the protein phosphorylation level of CTNNB1, GSK-3β and the protein expression level of noggin (NOG), promote Akt phosphorylation level (P<0.05; Fig.   4 ).
Effects of ocu-miR-205 on
Effects of ocu-miR-205 on skin tissue of Rex rabbits
One hundred 3-month-old Rex rabbits with similar body weight were randomly divided into 4 groups. After local shaving of the back skin, HBAD-GFP, HBAD-ocu-miR-205-GFP and ocu-miR-205-5p-sponge-GFP 50 μL per rabbit were injected intradermally. 24 hours after transfection, random selection one Rex rabbit of each group was slaughtered and frozen sections were made from the local injected skin to observation the transfection, 8 Rex rabbits were randomly selected from each group 7 days, 14 days and 21 days after transfection. After slaughter, the injected skin was collected and placed in freezing tube and 4% polyformaldehyde stationary solution. The frozen samples were used to detect the changes of ocu-miR-205-5p and hair follicle development-related gene and proteins. The fixed samples were used to make paraffin sections and the hair density was counted after HE staining.
The results shown that constructed adenovirus could successfully transfect the skin and hair follicles of Rex rabbits (Fig. 5a) , and the expression of ocu-miR-205-5p increased significantly after overexpression, while the expression of ocu-miR-205-5p decreased significantly after interference (P<0.05; Fig. 5b ). After transfection 14 days, ocu-miR-205 could significantly affect gene expression in PI3K/Akt, Wnt, Notch and BMP signaling pathways (P<0.05; Table 3 ). ocu-miR-205 could significantly affect the protein phosphorylation level of CTNNB1, GSK-3β, Akt and the expression protein level of NOG (P<0.05; Fig. 6 ). There was no significant change in primary follicle density (P>0.05), but the secondary follicle density and total follicle density (P<0.05) were changed after ocu-miR-205-5p interfered expression, and secondary/primary ratio (S/P) in ocu-miR-205-5p interfered expression group increased at 14 days after injection (P<0.05; Table 4 ).
Discussion
miRNAs are considered as the key regulators of gene expression at the posttranscriptional level and to perform a variety of significant functions within cells such as regulation of growth, metabolism, development and cell differentiation [31] [32] [33] . DPCs of various origins are able to induce de novo formation of hair follicle structure in both follicular and afollicular epidermis [34] [35] [36] [37] , implying a potential therapeutic application of DPCs in the treatment of alopecia. miR-205 is one abundant keratinocyte-specific miRNA in the epidermis [37, 38] . It has an essential role in promoting neonatal expansion of skin stem cells during early development by modulating the PI3K/Akt pathway [39] . PI3K/Akt signaling pathway can inhibit the phosphorylation of β-catenin by phosphorylating GSK-3β and activate Wnt signaling pathway [5] . DKK1 can inhibit Wnt signaling pathway by inhibiting phosphorylation of β-catenin and induce hair follicle regression [10] . When Notch receptor binds to ligand, it can activate hair follicle stem cells and then promote hair follicle from resting stage to growing stage [6] . BMP signaling pathway is involved in embryonic skin appendage organ morphogenesis and postnatal hair follicle growth [7] . BMP2 and BMP4 genes inhibit hair follicle development and are associated with maintaining hair follicle rest [8] . Noggin acts as an inhibitor of BMP signaling pathway, and its abnormal expression leads to follicular enlargement [40] . Notch signaling pathway interacts with BMP signaling pathway, and BMP signaling pathway can inhibit Wnt signaling pathway by regulating β-catenin [6] .
Although the effects of miR-205 in keratinocyte migration have been investigated in some in vitro models [41, 42] . In vitro studies using both primary human epidermalb keratinocytes and corneal epithelial keratinocytes indicate that miR-205 can promote keratinocyte migration via targeting the lipid phosphatase SHIP2 and KIR4.1 respectively [41, 42] . While, as to role of miR-205 in cell migration, different studies have reported conflicting results in different models. Some indicate that miR-205 can promote migration [43, 44] , however, others show opposite results [45] [46] [47] [48] [49] [50] . In this study, we found the expression of ocu-miR-205-5p in low hair densities DPCs was significantly higher than that in high hair densities. Ocu-miR-205 could induce G0/G1 arrest in DPCs, which was further confirmed by the results that transfection of ocu-miR-205 inhibitor DPCs cells reduced the cell population at G0/G1 phase and increased the apoptotic ratio, and this finding is consistent with previous studies [51] . Note: Data shown are mean values ± s. d., and n = 8 per group. In the same row, values with no letter superscripts or same letter superscripts mean no significant difference (P>0.05), with different letter superscripts mean significant difference(P<0.05). Note: Data shown are mean values ± s. d., and n = 8 per group. In the same row, values with same letter superscripts mean no significant difference (P>0.05), with different letter superscripts mean significant difference (P<0.05). 
